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D scription 

The present invention relates generally to paper-making processes and, more particularly, to the 
use of a binder in a papermaking process, the binder comprising a complex of cationic starch and 

Q colloidal silicic acid to produce a paper having increased strength and other characteristics. Such a 
binder, in addition, also effects highly improved levels of retention of added mineral materials as well as 
papermaking fines. Moreover, various features of the invention may be employed to effect clarification 
of the white water resulting from a papermaking process. 

At the present time, the papermaking industry is plagued with a number of serious problems. 

10 First, the price of cellulosic pulp has escalated materially and high quality pulp is in relatively short 
supply. Second, various problems including the problems inherent in the disposal of papermaking 
wastes and the ecological requirements of various governmental bodies have markedly increased the 
cost of papermaking. Finally, the cost of the energy required to make paper has increased materially. As 
a result, the industry and its customers are faced with two choices: either pay the higher costs or 

fS materially decrease the amounts and/or quality of the cellulosic fibers with a consequential loss of 
quality in the finished paper product. 

The industry has made various attempts to reduce the cost of the paper products. One approach 
that has been employed involves the addition of clay and other mineral fillers in the papermaking 
process to replace fiber but such additions have been found to reduce the strength and other 

20 characteristics of the resulting paper to a degree which is unsatisfactory. Also, the addition of such 
mineral filler results in poor retention of the filler material, e.g. they pass through the wire to the extent 
that the level of filler materials builds up in the white water with the result that the clean-up of white 
water and the disposal of the material becomes a serious problem. Various binders have been 
employed in an attempt to alleviate the retention problem but their use has not been entirely 

25 satisfactory. 

Attempts have also been made to use types of pulp which are less expensive and of lower quality, 
but this, of course, results in a reduction in the characteristics of the paper and often results in 
excessive fines which are not retained in the papermaking process with the consequent white water 
disposal problems. 

30 Accordingly, the principal object of the invention is the provision of a binder system and method 
which produce improved properties in paper and which will permit the use of minimum amounts of 
fiber to attain strengths and other properties which are required. Another object of the invention is the 
provision of a binder system and a method of employing it which materially increases the strength and 
other characteristics of paper as compared to a similar paper made with known binders. An additional 




papermaking machine. A further object of the invention is the provision of a paper having high mineral 
concentration which has acceptable strength and other characteristics. A final object is the provision for 
a method of removing suspended solids from white water In a papermaking process. 



40 Other objects and advantages of the invention will become known by reference to the following 
description and the appended drawings in which: 

Figure 1 Is a flow diagram of a papermaking process embodying various of the features of the 

invention; 

Figure 2 and Figures 2A through 2S are charts showing a test run on a papermaking machine in 
45 Example 1 and the properties of the paper resulting therefrom, the process employed embodying 
various of the features of the invention; 

Figure 3 is a chart graphically portraying the results of Example II; 

Figure 4 is a flow diagram of a papermaking process embodying various features of the invention; 
Figure 5 is a chart showing a test run on a papermaking machine, the process employed 
so embodying various features of the invention; 

Figure 6 is a chart showing the tensile index as a function of the added amount of cationic starch 
in an example of the papermaking process of the invention; 

Figure 7 is a chart showing the settling rate of the solids in white water samples and showing 
various features of the inventions; 
55 Figures 8A through 8G are charts graphically portraying results of Example XI. 

We have discovered a binder and method of employing it which materially increases the strength 
and other characteristics of a paper product and which permits the use of substantial amounts of 
mineral fillers in a papermaking process while maximizing the retention of the filler and cellulosic fines 
in the sheet. This makes possible, for a given grade of paper, a reduction in the cellulosic fiber content 
60 of the sheet and/or the quality of the cellulosic fiber employed without undue reduction in the strength 
and other characteristics of the sheet. Also, by employing the principles of the invention the amount of 
mineral filler material may be increased without unduly reducing the strength and other characteristics 
of the resulting paper product. Thus, by a reduction in the amount of pulp employed to make a given 
sheet or the substitution of mineral filler for pulp, the reduction in fiber content permits a reduction in 
65 the energy required for pulping as well as a reduction in the energy required for drying the sheet. In 
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addition. It has been found that the retention of the mineral filler and fines is at a sufficiently high level 
that white water problems are minimized. 

We have also discovered that the principles of this invention may be employed to remove 
suspended fibers and mineral materials in a white water system papermaking process. 
5 In general, the system of the invention includes the use of a binder complex which involves two 

components, i.e. colloidal silicic acid and cationic starch. The weight ratio between the cationic starch 
and the S1O2 m the colloidal silicic acid is between 1 :1 and 25:1. The two components are provided in 
the stock pnor to formation of the paper product on the papermaking machine. It has been found that, 
after drying, the sheet has greatly enhanced strength characteristics. Also, it has been found that when 

70 mineral fillers such as clay, chalk and the like are employed in the stock, these mineral fillers are 
efficiently retained in the sheet and further do not have the degree of deleterious effect upon the 
strength of the sheet that will be observed when the binder system is not employed. 

While the mechanism that occurs in the stock and during paper formation and drying in the 
presence of the binder is not entirely understood, it is believed that the cationic starch and the anionic 

15 colloidal silicic acid form a complex agglomerate which is bound together by the anionic colloidal silicic 
acid, and that the cationic starch becomes associated with the surface of the mineral filler material 
whose surface is either totally or partially anionic. The cationic starch also becomes associated with the 
cellulosic fiber and the fines, both of which are anionic. Upon drying, the association between the 
agglomerate and the cellulosic fibers provides extensive hydrogen bonding. This theory is supported in 

20 part by the fact that as the Zeta potential in the anionic stock moves towards zero when employing the 
binder complex of the invention both the strength characteristics and the retention improve. 

In the paper 'The role of surface chemistry in fines-cationic starch interactions ' presented by 
Joseph Marton in TAPPI, April 1980, Vol. 63, No. 4, the use of cationic starch as a retention-and- 
drainage aid and as a dry strength additive is disclosed. The author mentions cationic starch with a 

25 degree of substitution of about 0.04 but he does not attach any Importance to the degree of 
substitution. In his paper he states that excessive cationic starch application leads to charge reversal on 
fines and may cause various production disturbances, in the paper no mention is made of using the 
cationic starch in combination with colloidal silicic acid. 

In conjunction with the making of sheet products, use has already been made of binders which 
^''ocrf Q%Q°" ^ combination of cationic substances and silicic acid. This is described in U.S. Patent 
w • ^^'^^ discloses an inorganic sheet in which use is made of a combination of cationic starch 
and silicic acid, but where flocculation is counteracted and the system operates with very high silicic 
acid contents. This patent specification teaches away from the present invention by stating that the 
35 ^at'o^'c starch must not gel the silicic acid sol even if it has a tendency to flocculation. Gelling and 
flocculation are said to result in poor de-watering and an adhesion to the wire, and in a reduction of the 
porosity of the sheet produced, flocculation and gelling being, therefore, dounteracted by pH 
adjustments. ' ^ 

An « discovered that when a binder according to the present invention is employed the 

w effect of the binder system may be enhanced by adding the colloidal silicic acid component in several 
increments, i.e. a portion of the colloidal silicic acid is admixed with the pulp and the mineral filler when 
present then the cationic starch is added and thereafter when a complex agglomerate of pulp filler (if 
any; sihcic acid and starch Is formed and before the stock is fed to the head box of the papermaking 
machine the remaining portion of the colloidal silicic acid Is admixed with the stock containing the 

^5 complex agglomerate. This procedure of supplying the colloidal silicic acid In two or more steps results 
in certain improvements in strength and other characteristics, but the most striking improvement Is the 
increase in retention of filler and papermaking fines. The reason for these improvements Is not entirely 
understood but it is believed that they result from the production of complex flller-fiber-blnder 
agg omerates, which are more stable. I.e. that the later addition of the colloidal silicic acid causes the 
agglomerates initially formed to bond together to form even more stable agglomerates which are less 
sensitive to mechanical and other forces during the formation of the paper. 

Based upon the work that has been done to date, the principles of this invention are believed 
applicable in the manufacture of all grades and types of paper products. For example, printing grades 
including newsprint, tissue, paper board and the like. 

^5 It has been found that the greatest improvements are observed when the binder is employed with 

chemical pulps, e.g. sulfate and sulfite pulps from both hard and soft wood. Lesser but highly significant 
improvements occur with thermo-mechanical and mechanical pulps. It has been noted that the 
presence of excessive amounts of lignin in ground wood pulps seems to interfere with the efficiency of 
the binder so that such pulps may require either a greater proportion of binder or the inclusion of a 
greater proportion of other pulp of low lignin content to achieve the desired result. (As used herein the 
terms cellulosic pulp" and "cellulosic fiber" refer to chemical, thermo-mechanical and mechanical or 
ground wood pulp and the fibers contained therein). 

The presence^of over 50% by weight of cellulosic fibers is essential to obtain certain of the improved 
results in the invention which occur because of the interaction or association of agglomerate and the 
cellulosic fibers. Thus, when the finished paper contains over 50% by weight of cellulosic fiber, the paper 
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produced will have greatly improved properties as compared to paper made from similar stocks not 
employing the binder agglomerate described herein. 

Mineral filler material which can be employed includes any of the common mineral fillers which 
have a surface which is at least partially anionic in character. Mineral fillers such as kaolin (china clay), 

5 bentonite, titanium dioxide, chalk, and talc all may be employed satisfactorily. (The term "mineral 
fillers" as used herein includes in addition to the foregoing materials, wollastonite and glass fibers and 
also low-density mineral fillers such as expanded perlite). When the binder complex disclosed herein is 
employed, the mineral fillers will be substantially retained in the finished product and the paper 
produced will not have its strength degraded to the degree observed when the binder is not employed. 

to The mineral filler is normally added in the form of an aqueous slurry in the usual concentrations 

employed for such fillers. 

As mentioned above, the mineral fillers in the paper may consist of or comprise a low-density or 
bulky filler. The possibility of adding such fillers to conventional paper stocks is limited by factors such 
as the retention of the fillers on the wire, the dewatering of the paper stock on the wire, the wet and dry 

/5 strength of the paper product obtained. We have now discovered that the problems caused by the 
addition of such fillers can be obviated or substantially eliminated by using the binder complex of the 
present invention which also makes it possible to add higher than normal proportions of such fillers to 
obtain special properties in the paper product. Thus, using the binder complex of the invention it has 
become possible to produce a paper product of lower density and consequently higher stiffness at the 

20 same grammage and simultaneously to keep the strength properties of the paper product (such as the 
modulus of elasticity, the tensile index, the tensile energy absorption and the surface picking resistance) 
at the same level as or even at a better level than before. 

As pointed out above, the binder comprises a combination of colloidal silicic acid and cationic 
starch. The colloidal silicic acid may take various forms, for example, it may be in the form of polysilicic 

25 acid or colloidal silicic acid sols although best results are obtained through the use of colloidal silica 
sots. 

Polysilicic acid can be made by reacting water glass with sulfuric acid by known procedures to 
provide molecular weights (as SiOj) up to about 100,000. However, the resulting polysilicic acid is 
unstable and difficult to use and presents a problem in that the presence of sodium sulfate causes 
3o corrosion and other problems in papermaking and white water disposal. The sodium sulfate may be 
removed by ion exchange through the use of known methods but the resulting polysilicic acid is 
unstable and without stabilization will deteriorate on storage. Salt-free polysilicic acid may also be 
produced by direct ion exchange of diluted water glass. 

While substantial improvements are observed in both strength and retention with a binder 
35 containing polysilicic acid and cationic starch, superior results are obtained through the use with the 




The colloidal silicic acid in the sol should desirably have a surface area of from 50 to 1000 m /g 
and preferably a surface area from 200 to 1000 mVg with best results being observed when the 
^0 surface area is between 300 to 700 mVg. The silicic acid sol is stabilized with an alkali having a molar 
ratio of SiOj to MjO of from 10:1 to 300:1 and preferably a ratio of from 15:1 to 100:1 (M is an ion 
selected from the group consisting of Na. K, Li and NH4). It has been determined that the size of the 
colloidal silicic acid particles should be under 20 nm and preferably should have an average size 
ranging from 1 0 down to 1 nm. (A colloidal silicic acid particle having a surface area of about 500 mVg 
involves an average particle size of about 5.5 nm). 

In essence, it is preferably sought to employ a silicic acid sol having colloidal silicic acid particles 
which have a maximum active surface and a well defined small size generally averaging 4 — 9 nm. 

Silicic acid sols meeting the above specifications are commercially available from various sources 
including Naico Chemical Company, Du Pont & de Nemours Corporation and the assignee of this 
^ invention. 

The cationic starch which is employed in the binder may be made from starches derived from any 
of the common starch producing materials, e.g. corn starch, wheat starch, potato starch, rice starch, 
etc. As is well known, a starch is made cationic by ammonium group substitution by knovvn procedures. 
Best results have been obtained when the degree of substitution (d.s.) is between 0.01 and 0.05 and 
preferably between 0.02 and 0.04, and most preferably over 0.025 and less than 0.04. While a wide 
variety of ammonium compounds, preferably quaternary, are employed in making cationized starches 
for use in our binder, we prefer to employ a cationized starch which was prepared by treating the base 
starch with either 3-chloro-2-hydroxypropyl-trimethyl ammonium chloride or 2,3-epoxypropyl- 
trimethyl ammonium chloride to obtain a cationized starch having 0.02 — 0.04 d.s. 

^0 In the papermaking process the binder is added to the papermaking stock prior to the time that 

the paper product is formed on the papermaking machine. The two ingredients, the colloidal silicic acid 
component and the cationic starch, may be mixed together to form an aqueous slurry of the silica- 
cationic starch binder complex which then can be added to and thoroughly mixed with the papermaking 
stock. However, this procedure does not provide maximiz d results. It is preferable that the silica- 

55 cationic starch complex is formed in s/tu in the papermaking stock. This can be accomplished by adding 
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the colloidal silicic acid component in the form of an aqueous sol and the cationic starch in the form of 
an aqueous solution separately to the stock in a mixing tank or at a point in the system where there is 
adequate agitation so that the two components are dispersed with the papermaking components so 
that they interact with each other, and with the papermaking components at the same time. 

Even better results are obtained if the colloidal silicic acid component is added to a portion of the 
stock and thoroughly mixed therewith after which the make-up of the stock is completed and the 
cationic starch component is added and thoroughly mixed with the stock prior to the formation of the 
paper product. 

In the event that a mineral filler is to be added to the stock it has been found preferable to slurry 
the mineral filler in water with the colloidal silicic acid, or in the event of incremental additions of the 
colloidal silicic acid component, the initial portion of the colloidal silicic acid component and then to 
introduce the filler-colloidal silicic acid component slurry into a mixing device where it is incorporated 
into the stock along with the pulp and cationic starch. 

Thereafter, when using incremental additions of the colloidal silicic acid component the final 
portion or portions of the colloidal silicic acid component are thoroughly mixed with the stock after the 
initial agglomerate is formed and prior to or at the time the stock is conducted into the head box. The 
initial addition of the colloidal silicic acid should comprise 20 to 90 percent of the total amount to be 
added and then, after the initial agglomerate is formed, the remainder should be added before the sheet 
is formed. Preferably, the initial addition should comprise from 30 to 80% of the colloidal silicic acid 
component. 

It has been found that in a papermaking process employing the binder complex described herein, 
the pH of the stock is not unduly critical and may range from a pH of from 4 to 9. However, pH ranges 
higher than 9 and lower than 4 are undesirable. Also, other paper chemicals such as sizing agents, 
alum, and the like may be employed but care should be taken that the level of these agents is not great 
enough to interfere with the formation of the silicic acid cationic starch agglomerate and that the level 
of the agent in recirculating white water does not become excessive so as to interfere with the 
formation of the binder agglomerate. Therefore, it is usually preferred to add the agent at a point in the 
system after the agglomerate is formed. 

According to the invention, the ratio of cationic starch to the total colloidal silicic acid component 
should be between 1 :1 and 25:1 by weight. Preferably, the ratio is between 1.5:1 and 10:1 and most 
preferably between 1.5:1 and 4.5:1. 

The amount of binder to be employed varies with the effect desired and the characteristics of the 
particular components which are selected in making up the binder. For example, if the binder includes 
polysilicic acid as the colloidal silicic acid component, more binder will be required than if the colloidal 
silicic acid component is colloidal silicic acid sol having a surface area of 300 to 700 mVg. Similarly, if 
the cationic starch, for example, has a d.s. of 0.025 as compared to a d.s. of 0.030, more binder will be 
required assuming the colloidal silicic acid component is unchanged. 

In general, when the stock does not contain a mineral filler the level of binder may range from 
0.1 to 1 5% by weight and preferably from 1 to 1 5% by weight based upon the weight of the cellulosic 
fiber. As pointed out above, the effectiveness of the binder is greater with chemical pulps so that less 
binder will be required with these pulps to obtain a given effect than other types. In the event that a 
mineral filler is employed the amount of binder may be based on the weight of the filler material and 
may range from 0.5 to 25% by weight and usually between 2,5 to 15% by weight of the filler. 

As has been pointed out, the binder may be added to the white water of a papermaking machine 
in a system in which the binder system is not being used. The binder effectively forms an agglomerate 
with the papermaking fines and the suspended mineral material which makes possible the efficient 
settling or concentration of the suspended solids to provide a relatively clear fraction of water which 
can be returned to the papermaking system, and a fraction in which the suspended solids are 
concentrated and from which they can be removed by filtration or other means. The amount of the 
binder system or complex required, with the cationic starch to SiOj ratios as set forth above, can be 
relatively small and in most instances is less than about 10% by weight based upon the dry weight of 
solids in the white water and the dry weight of the binder system. A useful broad range of the amount 
of the binder system or complex is from 1 to 20% by weight, preferably from 2 to 10% by weight. 

ThiB following specific examples show the effects of the binder employed in a papermaking 
process upon the retention of mineral filler and upon the strength characteristics of the paper produced 
and upon white water. 

Example I 

A trial was run making a base stock for wallpaper, the paper stock having a high clay content. The 
run was made on a Fourdrinier machine having an estimated capacity of about 6000 kg/h. The machine 
speed was approximately 250 m/min and the target grammage was 90 g/m^ Figure 1 is a flow 
diagram indicating the sequence of operations. 

The fiber in the stock comprised a mixture of a mechanical pulp and a chemical pulp. The 
mechanical pulp was unbleached and was refined to a Canadian Standard Freeness (CSF) of 100. The 
chemical pulp employed was a bleached sulfate hardwood pulp which was refined to 400 CSF. During 
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the refining process, suitable amounts of water were, of course, added to the pulp to provide the 
desired consistency. 

Papermakers' china clay and a colloidal silicic acid sol were dispersed in water to provide a slurry 
containing 5 percent clay by weight. The china clay had a particle size distribution in the range of from 
5 about 0.5 to 10 /um. The colloidal silicic acid was in the form of a 1 5% sol which was stabilized with 
alkali with a molar ratio of SiOjiNajO of 45:1. The silicic acid had a particle size in the range of from 
about 5 — 7 nm and a surface area of approximately 500 mVg. The colloidal silicic acid was added to 
provide 2.86% Si02 based upon the weight of the clay. The pH of the clay-SiOj slurry was about 8. 

Figure 2 shows the level of feed to the papermaking machine during the test run, in kg/min at the 
10 various times during the run. The consistency of the stock flowing to the paper machine ranged from 
about 6 to about 1 5 g/l, as shown in Figure 2A. the time in Figure 2A being correlated to the times 
shown in Figure 2. 

As illustrated in Figure 2, the run was begun at 1410 hours by mixing the chemical pulp and 
mechanical pulp in the proportions shown. At 1440 hours the stock valve was opened and stock flowed 
15 to the papermaking machine. The dotted line in Figure 2 shows the adjustment of the stock valve 
during the process. 

Initially, the stock feed to the machine was constituted entirely of a mixture of chemical and 
mechanical pulp. However, at 1 450 hours the china clay-colloidal silica mixture was introduced into the 
mixing tank and the papermaking machine was run with the fiber-clay stock until the ash content of the 

20 stock and the white water came to equilibrium. At approximately 1 535 hours, a slurry of cationic starch 
was added to and thoroughly mixed with the pulp, clay and colloidal silicic acid in the mixing tank to 
provide the stock containing the complete binder. The level of cationic starch added at 1 535 hours was 
7.14 percent by weight of starch based upon the weight of clay, the ratio of cationic starch to colloidal 
silicic acid being 2.49. (This level of starch in this example and in the drawings is sometimes referred to 

25 as "LEVEL 1"). At 1625 hours, the level of cationic starch was raised to 8.57 percent based upon the 
weight of clay, the ratio of cationic starch to colloidal silicic acid then being raised to 2.99. (This level of 
starch in this example and in the drawings is sometimes referred to as "LEVEL 2"). At 1702 hours, the 
level of cationic starch was raised to 1 1 .43 percent based upon the weight of clay, the ratio of cationic 
starch to colloidal silicic acid then being 3.99. (This level of starch in this example and in the drawings 

30 is sometimes referred to as "LEVEL 3"). At all times during the run, the pH of the stock on the machine 
was apisroximately 8. 

The cationic starch was prepared by treating potato starch with 3-chloro-2-hydr6xypropyl- 
trimethylammonlum chloride to provide a degree of substitution (d.s.) in the starch of 0.03. It was 
dispersed in cold water at a concentration of about 4% by weight, heated for 30 min at about 90**C, 
3S diluted with cold water to a concentration of about 2% by weight and then added to the mixing tank as 




approximately 15 minutes for the change to stabilize on the papermaking machine (indicated by the 



40 horizontal arrows in Figure 2). 

After the addition of the cationic starch to Level 1, i.e. to a ratio of 2.49 to the silicic acid, the 
grammage of the paper rose rapidly as the mineral content in the paper was increased because of the 
retention of the mineral content with the papermaking fibers on the wire of the machine. The stock 
valve was then adjusted to reduce the grammage to the 90 g/m^ level and, by adjustment of the stock 

45 valve, the grammage was maintained relatively constant as the ash content rose slowly. During this 
period of time, the solids in the white water were reduced by approximately 50 percent as more and 
more of the solid materials were retained. 

When the level of cationic starch was increased to Level 2, i.e. a ratio of 2.99 to the silicic acid, 
the grammage and ash content of the paper again increased and the solids in the white water were 

50 further reduced as the level of retention again increased. 

After the addition of the cationic starch to the system and the increased retention of clay was 
observed, it was found that the driers overdrled the paper. The steam consumption in the drier was 
lowered and several of the drying cylinders were shut off because of more rapid drying. In spite of the 
reduction in heat to the driers, the paper was periodically overdried. The decrease in steam 

55 consumption resulted from the fact that the fiber content of the paper was markedly reduced as the 
retention increased, thus facilitating drying. 

Even though the mineral content (measured as ash content) of the paper was greatly increased, 
the papermaking machine was run at the same speed and without changes in dewatering conditions 
throughout the trial. 

60 The conditions and results of the run are graphically illustrated in Figures 2A — 2S. 

In Figure 2A the concentration of solids in the stock is shown correlated to the time of the run. It 
will be noted that the total concentration of solids slightly exceeds the total of fiber and ash. This is 
because the ash delermination drives out the water of hydration and other water associated with the 
clay. 

55 Figure 28 shows the lev I of solids in the white water. Again, the total concentration of solids 
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exceeds the sum of fiber and ash for the reason given above. In connection with Figure 2B it should be 
noted that the level of ash (in this case non-retained minerals) rises rapidly until the cationic starch at 
Level 1, has been added and has had a chance to reach equilibrium in the system. When the level of 
cationic starch is increased to Level 2 another dramatic decrease occurs. 

The combination of the colloidal silicic acid and the cationic starch as a binder also increases the 
filtering speed of the white water through the wire as shown in Figure 2C. The drainage time per unit 
volume increased until the combination binder was present at Level 1 and thereafter rapidly decreased. 
With th addition of the cationic starch at Level 2 the decrease in time per unit volume was even 
greater 

Figure 2D shows the Zeta potential in the stock which is adjusted towards 0 by the addition of the 
cationic starch component. As will be noted, the adjustment corresponds to increased retention and 
improved characteristics. 

Figure 2E graphically illustrates the grammage of the paper during the run. There were two 
occasions when the web broke on the machine as Indicated. 

Figure 2F Is a chart showing the tensile index of the paper produced In this example. It should be 
noted that, because of the moisture driven from the ash, the amount of china clay In the paper is 
approximately 1 20 percent of the amount of ash shown. As will be observed, the tensile index is greatly 
improved and the clay acts in the presence of the colloidal silica-catlonic starch complex binder to 
increase the tensile index. 

Figure 2G is a chart similar to Figure 2F, except that the tensile index is correlated to the level of 
chemical pulp. 

Figure 2H shows the improved Z strengths in the resulting paper despite the fact that the paper 
contains substantial amounts of clay. 

Figure 21 through 2S are charts showing the properties of the paper made by the process of this 
example which demonstrate the effectiveness of the complex silica-cationic starch bond. It should be 
noted that in the case of Figure 2M having to do with the roughness of the sheet, the paper was 
somewhat overdried at times so the conclusions as to this property which can be drawn from the chart 
may not be entirely valid. 

As will be apparent from the results of the run and the properties of the papers produced thereby, 
the enriployment of the binder complex causes a mutual flocculation of the mineral matter, the cellulosic 
materials and the binder to produce highly improved retention and paper properties. Thus, the binder 
permits the Incorporation of substantial amounts of mineral filler with a cellulosic pulp to obtain the 
same or better properties than can be obtained in a sheet having a greater proportion of cellulosic fibers 
and a lesser amount of mineral filler when the binder of the invention is not employed. 

Example II 

Hand sheets were made up in a laboratory hand sheet former from various stocks made from 
bleached soft wood sulfate pulp with and without wollastonite as a filler, the stock Including the 
cationic starch colloidal silicic acid complex binder to enhance the properties of the resultant paper. The 
wollastonite used was in the form of acicular crystals between about 1 and 20 /im in diameter and 
having a length of about 1 5 times the diameter. 

The colloidal silicic acid which was used was a silicic acid sol containing 1 5 percent of colloidal 
silicic acid having a surface area of approximately 500 mVg. The sol was alkali stabilized with a molar 
ratio of Si02:Na20 of 40:1. 

The cationic starch (C.S.) employed was the same starch employed in Example I having a degree 
of substitution of 0.03. The cationic starch was added in the form of a 4 percent (by weight) aqueous 
solution. 

In the procedure, the colloidal silicic acid sol was added to the stock before the cationic starch. In 
the examples containing wollastonite, the sol and cationic starch were added with the mineral to form a 
mineral-binder slurry which was then added to the cellulose. The usual amount of water was added to 
make up a papermaking stock of the desired consistency of about 1% by weight solids. After the hand 
sheets were made they were pressed and dried under substantially Identical conditions. 

In the following table the composition of the solids In each stock is set forth and the Z-strength 
(Scott Bond) was measured to provide an indication of the properties of the resulting sheet after 
pressing and drying. 
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The results are plotted In Figure 3 which illustrates the enhanced strength which results from the 
silicic acid-catlonic starch complex binder. As wilt be seen from the chart, the Z-strength of a sheet 
made from a stock containing 30% wollastonite in the solids as compared with a sheet containing only 
20 the fibrous cellulosic portion when the binder is employed, is higher. Also, the use of the binder with a 
sheet containing only cellulosic fiber, dramatically increases the Z-strength. 

Example III 

Hand sheets were made up in a laboratory hand sheet former from various stocks made of 2.0 g 
26 of bleached soft wood sulfate pulp and 2.0 g of English china clay Grade C. The china clay was 
dispersed in an alkali stabilized colloidal silicic acid sol diluted from 1 5% to 1 .5% total solids by weight 
and the dispersion was added to the pulp in 500 ml of water in a laboratory disintegrator. A 2% solution 
of cationic starch (d.s.=0.03> was added and the resulting stock was transferred to a sheet mold. The 
hand sheets which were made were pressed and dried under substantially identical conditions. 
30 During the runs different silicic acid sols were used, the sols having differing surface areas per unit 

weight and stabilized with different molar ratios of alkali. 

Sheets of the following compositions were made, all of which included in addition to the 2 g of 
pulp and 2 g of clay the amounts and type of sol and the amounts of cationic starch indicated. The 
properties of hand sheets produced are also set forth. 
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+6 g china clay. 



55 

* Stabilized with ammonia instead of NaOH molar ratio=St02/NH3. 

From this example, it is apparent that the silicic acid sol cationic starch complex greatly aids in the 
retention of clay, in many instances resulting in almost complete retention. Also, the above results 
60 show that maximum retention of the clay occurs when the colloidal silicic acid particles have a size 
range such that the surface area is between about 300 and 700 mVg. 

Example IV - 

Hand sheets were made in a laboratory hand sheet former from a stock including a binder which 
65 includes as the colloidal silicic acid component a polysilicic acid 100 ml of water glass 
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(R=Si02:Na20=3.3 and Si02=26.5% by weight) were diluted with 1 60 ml of water and slowly fed into 
130 ml of 10% sulfuric acid under vigorous agitation. When all of the water glass had been added the 
pH was 2.7 and the SiOj content was 8% by weight. This acid sol was diluted to 2% SiOj by weight and 
added to English china clay Grade C followed by the addition of a 2% cationic starch (CS) solution (d.s. 
0.03). The following suspensions were made. 





Clayg 


2% Sol g 


2% CSg 
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2.0 
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2.0 
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2.9 
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15 Each of suspensions 1 , 2 and 4 was fed into a laboratory disintegrator containing 2.0 g of 

bleached softwood sulfate pulp in 500 ml of water and thoroughly agitated. Suspensions 3 and 5 were 
stored for 5 hours before mixing as above. Immediately after mixing, hand sheets were made, pressed 
and dried. The sheets had the following characteristics. 

Grammage Tensile index Elongation Ash content 

g/m^ (scan PI 6:76) % % 

1 139 28.8 7.5 26 

2 151 25.3 6.5 30 
25 3 148 23.6 7.0 32 

4 157 22.4 6.5 28 

5 154 21.2 7.0 31 

As compared with the samples produced in Example III, while the tensile index is improved, the 
30 retention of the mineral filler is not as great as in that Example. 

Example V 

Hand sheets were made in a laboratory hand sheet former from various stocks as follows: 
1. 2.0 g chalk having a particle size ranging from about 2 to 20 /um with the major portion being 
35 about 5 /im, 2.0 g of water and 3.8 g colloidal silicic acid (1.5% total solids and surface area of 500 
mVg) are added to a stock consisting of 2.0 g fully bleached soft wood sulfate pulp and 500 ml of water 
in a laboratory disintegrator. To the chalk-silicic-acid pulp stock 7.1 g cationic starch solution (2.0% 
total solids, d.s.=0.03) is added. A sheet is made from the sample in a laboratory sheet mold and the 
sheet is pressed and dried. 

^ 2. A sheet as in stock 1 above was made, except that the amount of colloidal silicic acid sol was 

5.7 g and the amount of cationic starch solution was 9.7 g. 

3. A sheet as in stock 1 above was made, except that the amount of colloidal silicic acid sol was 
5.0 g and the amount of cationic starch solution was 10.3 g. 

4. The same procedure was followed to make a reference sheet without chalk where 3.8 g of the 
45 colloidal silicic acid sol were added to 2.0 g of the pulp in 500 ml of water and then 7.1 g of the 

cationic starch solution are added. 

5. The same procedure was followed to make a reference sheet containing no binder. 10 g of 
chalk were added to 2.0 g of pulp in 500 ml of water, but no binder was added. The amount of chalk 
added was large so that, even with the poor retention observed, the mineral content in the final sheet 

50 would approximate that observed when the binder was employed. 

6. Another sheet was made from a stock consistency of 2.0 g of the pulp in 500 ml of water with 
no additive. 

The resulting paper had the following characteristics: 
^5 Sample No. 

Grammage g/m^ 
Density kg/m^ 
Tensile index 

so SCAN PI 6:76 Nm/g 

Elongation % 
Ash content % 

The foregoing demonstrates the i 
65 invention both with and without mineral fillers and also demonstrates the increased retention which 
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results from the use of the binder. From the amounts of binder employed relative to pulp it can be seen 
that substantially all of the mineral filler was retained in samples 1 — 3. 

Example VI 

A slurry made of 2.0 g of Norwegian talc Grade IT Extra having a particle size ranging from about 
1 to 5 ^m, 8.0 g of water and 3.8 g of colloidal silicic acid (1.5% total solids, specific surface area 480 
mVg) was added to a stock consisting of 2.0 g of fully bleached soft wood sulfate pulp and 500 g of 
water in a laboratory disintegrator. To the resulting stock 5.9 g of cationic starch (2.4% total solids, 
d.s.=0.033) were added. A sheet was made in a laboratory hand mold and was pressed and dried. 

A reference sample was made where 4.0 g of the talc were added to 2.0 g of the pulp in 500 g of 
water, but no binder was added. (The amount of talc is larger to compensate for the poor retention so 
that the finished sheet will have approximately the same mineral content as the sheet made above 
with the binder). 



With binder Without binder 



Grammage, g/m^ 198 214 

Density, kg/m^ 82 5 715 

Tensile index 16.5 3.1 

SCAN PI 6:76, Nm/g 

Elongation, % 6.5 3.0 

Ash content, % 48 51 



It will be noted again, as in Example V, that the strength characteristics are markedly better as is 
25 the retention when the binder is employed with a talc mineral filler. 

Example VII 

In this Example, the binder system of the present invention was added to different papermaking 
stocks to show that the invention is useful even in stocks containing considerable amounts of non- 
30 cellulosic fibers. 

As cellulosic fibers fully bleached soft sulfate pulp was used, and as non-cellulosic fibers glass 
fibers having a diameter of about 5 /urn and having been phenolic resin treated were used. The colloidal 
silicic acid sol contained silica particles with a specific surface area of about 400 mVg, and the silicic 
acid content of the sol was originally 1 5% by weight, but the sol was diluted with water to a silicic acid 
^5 content of 1 .5% by weight before it was used in the binder system. The cationic starch used had a 
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1.6 
1.6 
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0.3 
0.3 
0.3 
0.3 
0.3 
0.3 


0.187 
0.372 
0.496 
0.744 


1.12 
1.12 
1.12 
1.12 
1.12 


CX) 

8 
4 

3 
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From the seven stocks, hand sheets were made in a laboratory hand sheet former, the resulting 
papers having the following characteristics: 


Paper from 
stock 


Grammage 
g/m^ 


Density 
kg/m^ 


Tensile index 
Nm/g 


Z-strength 
(Scott Bond) 


Elongation 

% 


1 

2 
3 
4 
5 
6 
7 


68 
91 
88 
90 
85 
94 
93 


650 
530 
520 
520 
520 
540 
550 


55 
33 
40 
44 
44 
48 
47 


135 
84 
120 
132 
138 
152 
149 


9 
1 1 
10 
10 
1 1 
12 
1 1 



60 



As appears from the above, the Z-strength decreased when glass fibers were added (compare 
S5 stocks 1 and 2) and then increased to about the initial value (compare stocks 1 and 4) when silicic acid 
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sol and cationic starch both were added. The sheets made from stocks 5, 6 and 7 had higher Z-strength 
values than the sheets made from stock 1 containing no glass fibers. 

Example VIII 

5 A commercial trial run was made making a coated, off-set supercalend red printing paper having 

a grammage of 85 g/m^. The machine employed was a twin wire Beloit "Bel-Baie" machine having a 
capacity of about 1 0,000 kg/hour at a speed of about 600 m/min. The coating was accomplished "on- 
line with 10 g/m^ of calcium carbonate applied to each side of the sheet. The cellulosic fiber 
comprised 70% sulfate hardwood and 30% sulfate softwood pulp both of which were fully bleached. 

w The pH of the white water was about 8.5. 

In the operation of the machine which was employed, the quality requirements for the paper 
produced by it were very rigid. As a result. In normal operation, a high proportion of the finished coated 
paper, about 25%, is classified as "broke". Broke, is unsatisfactory paper which is recycled into the 
stock and is reformed into a paper web. As a result, the stock to the machine head box contains a large 

/5 proportion of filler in the form of reslurried coating from the broke. The proportion of the broke is often 
as high as 50% of the solids in the total stock. 

The presence of the additional filler from the broke constitutes a serious problem in normal 
operation of the machine since its retention on the papermaking wire is extremely poor and most of it 
finds Its way into the white water and eventually into the sewer. Also, since the amount of broke always 

20 vanes, the filler content in the base sheet varies causing uneven sheet properties with the result that 
there are numerous breaks in the paper web during production with attendant loss of production. 

Fig. 4 is a flow diagram indicating the general operation which was employed in the run of this 
example employing incremental additions of the colloidal silicic acid in the process of the invention. 
In Mixing Tank No. 1, the two types of bleached pulp which were typically used in the plant i.e. 

25 the 70% sulfate hardwood and 30% sulfate softwood pulp, both fully bleached, were mixed together 
with the slurried broke. In order to compensate for varying amounts of filler in the stock caused by 
differing amounts of broke, arrangements were made to add a desired amount of extra filler (calcium 
carbonate). At this point, the amount of extra filler added was dependent upon the ash content which 
was measured continuously on line in the base sheet and enough calcium carbonate filler was added to 

30 maintain the level of ash in the finished paper base sheet at 15% by weight of dry paper. 

In addition, in Mixing Tank No. 1, there was added in the form of an aqueous solution of colloidal 
silicic acid containing 1 5% by weight SiOj, in an amount equivalent to 1 .7 kg of SiOz per metric ton of 
dry base sheet (prior to coating). The colloidal silicic acid sol was stabilized with alkali with a molar ratio 
of SiOjiNazO of 45:1. The silicic acid had a particle size in the range of from about 5 — 7 nm and a 

35 surface area of approximately 500 mVg. 

The materials were thoroughly mixed and were conducted to Mixing Tank No. 2 where cationic 
starch was added to the stock, in an amount equal to 10.2 kg of cationic starch per metric ton of dry 
base sheet. The cationic starch was prepared by treating potato starch with 3-chloro-2-hydroxypropyl- 
trimethyl-ammonium chloride to provide a degree of substitution (d.s.) in the starch of 0.03. It was 

40 dispersed in cold water at a concentration of about 4% by weight, heated for 30 minutes at about 
90°C, diluted with cold water to a concentration of about 2% by weight and then added to Mixing Tank 
No. 2. 

After the cationic starch was thoroughly intermixed the stock was conducted to Mixing Tank No. 
3 wherein a second increment of colloidal silicic acid sol, of the type described above, was added to the 
45 stock in an amount equal to 2.1 kg SiOj per metric ton of dry base sheet. 

From Mixing Tank No. 3 the stock was fed into the head box of the paper machine which was 
operated at normal speeds to form the base sheet which was subsequently dried, coated with a coating 
slip containing calcium carbonate and calendered in the same manner as before. 

Fig. 5 graphically illustrates the effect of the addition of the colloidal silicic acid and cationic 
50 starch, as set forth above. The left hand side of the chart shows the condition of the stock and the white 
water in the commercial run prior to the addition of the colloidal silicic acid and the cationic starch as 
outlined above. As will be noted, the total solids in the stock at the former or head box is approximately 
15.5 g/l, of which approximately 8.5 g/l is fiber and 7 g/l is ash. The base sheet produced from this 
stock contained approximately 3 percent ash. 
55 As appears from Fig. 5, the white water in the commercial run before the addition of the colloidal 

silicic acid and cationic starch, contained approximately 10.5 g/l of solids, 6.0 g/l ash, and 4.5 g/l fiber. 

The dramatic effect of the addition of the colloidal silicic acid and cationic starch as outlined 
above, is shown on the right hand side of Figure 5 where the total solids in the head box decreased to 
approximately 6 g/l; slightly less than 5 g/l fiber: and about 1.5 g/l ash. The total solids in the white 
60 water dropped to about 1 g/f; about 0.5 g/l fiber; and about 0.5 g/l ash. The base sheet contained 
approximately 1 5 percent ash and, the machine breaks during operation were substantially less than in 
the commercial operation where the sheet contained only 3 percent ash. 

Test resOTts showed that even though the finished base sheet made, as outlined above, had an 
increased amount of filler, i.e. from about 3 percent to about 1 5 percent which normally degrades the 
65 properties of the sheet, the additional filler did not materially decrease the strength properties or 
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printing properties of the paper. To the contrary, certain properties were increased markedly. For 
exannple, Z-strength or internal bond strength measured by the Scott-Bond method increased by 85 
percent at the 1 5 percent filler level as compared to the 3 percent filler level in the commercial runs. 
The IGT (Institut Voor Grafische Techniek, Amsterdam) surface picking resistance increased by 40 

5 percent and the bursting strength increased by 40 percent. 

During the trial, which extended over a several week period, it was found that it was possible to 
add much more broke to the stock than before. At one period extending for about 1 6 hours, the entire 
stock was broke. Further, with the addition of additional filler material it was found that it was possible 
to maintain 1 5 percent filler in the base sheet over a two-week period and that the resulting even level 

10 of ash permitted an Increase in the productivity of the paper machine due to fewer breaks and a saving 
of fiber. 

It was also found that the coupling of increased retention and decreased head box consistency 
resulted in a marked Improvement in the drainage rate of the stock on the wire. This, of course, means 
that an Increase in the machine speed Is made possible, which will even further enhance the 
15 productivity. 

The retention of fibers and fines on the wire in the papermaking machine was also greatly 
Improved. 

Retention percentage is determined by dividing the difference between the concentration of total 
solids In the head box and the concentration of total solids in the white water by the concentration of 
20 total solids in the head box and multiplying by 1 00. Thus, on the commercial run preceding the addition 
of the silicic acid sol and cationic starch as outlined above, the percentage of retention was 

15.5—10.5 

xlOO 

25 1 5.5 

or 32%. As a result of the use of our process the percentage of retention increased to about 83% 

6.0—1 .0 

30 { XlOO). 

6.0 



This high level of retention simplified white water clean-up and disposal. 




runs are set forth in tabular form in the table below. 
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Run 1 


Run 2 


Run 3 




Grammage g/m^ 


85 


85 


85 




Ash content % 


17 


28 


24 




Tensile index 








45 


machine direction Nm/g 


66.2 


64.2 


64.5 




cross direction Nm/g 


21.7 


22.5 


26.8 




Burst strength kPa 


214 


294 


310 




Surface picking resistance IGT 










top side 


73.4 


92 


112 


SO 


wire side 


68.7 


83 


112 




Internal bond strength 
Scott Bond J/m^ 










225 


506 


525 




Concentration at head box 










g/l solids 


15.5 


10.1 


6.3 


55 


White water concentration 










g/l solids 


10.5 


5.2 


1.2 




Retention % 


32.3 


48.5 


81.0 



Run 1 reflects the average operation of the machine of Example VIII in making coated, 
60 supercalendered printing paper over an extended period of time. The cellulosic fiber comprised 70% 
sulfate hardwood and 30% sulfate softwood, both fully bleached. Normal amounts of broke were 
recycled. The base sheet was coated with 10 g/m^ of calcium carbonate per side. 

Run 2 reflects 4he average operation of the machine of Example VIII over an extended period in 
making coated, supercalendered printing paper in which the same fiber was employed and normal 
65 arhounts of broke were recycled in which the colloidal silicic acid employed was a 1 5% aqueous sol 
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having the specifications set forth in Example VIII. It was added to Mixing Tank No. 1 at a level of 3.8 kg 
of SiOj per metric ton of dry base sheet. Cationic starch was added in Mixing Tank No. 2 at a level of 
1 1 .8 kg of cationic starch per metric ton of dry base sheet, the cationic starch having the specification 
as set forth in Example VIII and the method of addition was as set forth in Example VIII. No additions 
5 were made in Mixing Tank No. 3. The base sheet after drying was coated on each side with 10 g/m^ of 
calcium carbonate. 

Run 3 followed the procedure of Run 2 except that the addition of the silicic acid sol was added in 
two increments. There was added in Mixing Tank No. 1 , 2.9 kg of SiOj per metric ton of dry base sheet. 
In Mixing Tank No. 2 the cationic starch was added at a level of 1 3.7 kg of cationic starch per metric 
w ton of dry base sheet. In Mixing Tank No. 3 a second addition of the silicic acid sol was added at a level 
of 1.5 kg of SiOj per metric ton of dry base sheet. 

Example X 

To further demonstrate the invention and the effect of various degrees of substitution of the 

IS cationic starch component of the binder, two series of hand sheets were made in a laboratory hand 
former using stocks which alt contained the same type and amount of colloidal silicic acid sol but which 
contained cationic starches of various degrees of substitution (d.s.). 

The cationic starches used in this example were prepared from two different base material 
starches (A and B) to obtain the degrees of substitution mentioned in the table below. 

20 All stocks for making the hand sheets were prepared by mixing 1 .09 g china clay (English China 

Clay Grade C) with 2.72 g of a colloidal silicic acid sot (1.5% total solids and surface area 530 mVg) and 
adding this slurry to a laboratory disintegrator containing 1 .63 g of fully bleached softwood sulfate pulp 
in 500 ml water. After mixing the components in the disintegrator during 30 seconds, the relevant 
cationic starch was added. The mixing was then continued for about 1 5 seconds and then the stock 

25 was poured into the hand sheet former. 

The degrees of substitution of the various starches and the amounts of addition thereof to the 
stocks as well as the properties of the hand sheets made are shown in the table below. 

The tensile index of the different sheets is graphically shown as a function ot the amount of 
starch added (calculated as a weight percentage of the sum of the filter and fiber contents) in Figure 6 

30 which cleariy shows that a lower degree of substitution (d.s.) necessitates a larger amount of starch to 
bring about the maximum strength (tensile index). Thus starch A having 0.033 d.s. gives the maximum 
strength at about 3.5% addition, while starch A having 0.020 d.s. gives the maximum strength at about 
4.3% addition. The same tendency is true for starch B which at 0.047 d.s. gives the best strength at 
about 4.2% addition and at 0.026 d.s. gives the best strength at about 4.8%. 

35 
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Example XI 

This Example concerns the applicability of the invention in producing light-weight fine paper. 

A series of trials were run on an experimental paper machine to produce a light-weight fine paper 
having a grammage of 75 g/m^. The paper stock fed to the headbox of the machine consisted of 50% 
by weight of fudy bleached hardwood and 20% by weight of fully bleached softwood sulfate pulp and 
30% by weight of filler. Two types of filler were used, a conventional filler consisting of paper making 
chalk (CaCOg) and a low-density filler consisting of expanded perlite having a density of about 0.2 
g/cm' and a particle size of 99% below 10 ^m. In a reference run (run A) 0.2% by weight of a 
polyacrylamide retention aid was added to a stock containing CaCOg as the sole mineral filler. In runs B 
through E the mineral filler was changed successively from solely chalk via mixtures of chalk and 
expanded peritte to solely expanded perlite. In all the runs of this example the amount of binder added 
was the same, viz. 0.5% by weight of silicic acid sol (specific surface about 500 mVg) and 1.5% by 
weight of cationic starch (having a degree of substitution of 0.03) calculated as solids in the binder and 
based on the weight of the stock as a whole. 

The results of the trial runs will appear from the table below and from Figures 8A through 8G 
graphically showing some of the results given in the table. 





Reference 


According to invention 


A 


B 


C 


D 


E 


CaCOs % wt. 


30 


30 


25 


15 




Perlite %wt. 






5 


15 


30 


Density kg/m^ 


630 


645 


610 


570 


500 


Stiffness (SCAN P29:69) 












machine direction mN 


4.7 


4,2 


4.6 


5.4 


6.9 


cross direction mN 


2.8 


2.5 


3.2 


3.0 


4.4 


Tensile index (SCAN PI 6:76) 












machine direction 


28 


38 


33 


30 


29 


cross direction 


15 


22 


20 


19 


20 


Tensile energy absorption 












machine direction J/m^ 


27 


48 


41 


35 


32 


cross direction J/m^ 


18 


37 


30 


25 


23 


Surface picking resistance 












(Dennison wax pick) 












top side 


9 


16 


12 


12 


10 


wire side 


12 


18 


12 


13 


12 



40 



45 



50 



55 



As will be seen from the table of this example and from the graphs of Fig, 8A through 8G the 
binder complex of the invention makes it possible to add substantial amounts of expanded periite and 
still obtain the same or even better properties of the paper product. 

Figure 8A shows that the binder of the present invention substantially improved the modulus of 
elasticity compared to the known additive (run A) both in the machine direction (curve M.D.) and in the 
cross direction (curve CD.). In fact, the modulus of elasticity in runs C and D where the expanded perlite 
had been added was higher than in reference run A and was still at about the same level in run E as in 
run A in spite of the complete replacement of the chalk filler with the expanded periite filler. 

Figures 88, 8C, 8E and 8F show that the same good trend is obtained with regard to the tensile 
index, the tensile energy absorption, the stiffness and the surface picking resistance (expressed as 
Dennison wax pick). 

Figure 8D shows the decrease of density obtained by the replacement of the chalk mineral with 
the expanded periite mineral. 

Figure 8G shows the Bendtsen roughness number (SCAN P-21) at different density levels of 
paper products. The curves for the reference paper (run A) and for run 8 (chalk as the sole mineral using 
the binder complex of the invention) were so close to each other that they had to be drawn as a single 
curve in the chart. As appears from the chart, the inventive binder complex and the expanded perlite 
filler in high proportions made it possible to obtain smooth papers (low Bendtsen numbers) at low 
densities. 
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Example XII 

This Example shows that the invention is useful for producing special papers from stocks which 
contain both cellulosic and non-cellulosic fibers and which are extended with mineral fillers, specially 
good results being obtained when using low-density mineral fillers as extenders. 

Three different stocks were used. All the stocks contained 50% by weight of fully bleached 
softwood sulfate pulp, 20% by weight of mineral fibers (mineral wool fibers), 1.43% by weight of 
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10 



colloidal silicic acid sol (specific surface area about 500 mVg) and 3.57% by weight of a cationic starch 
(degree of substitution 0.03). The remaining 25% by weight of the stock consisted of either chalk or 
expanded partite or a mixture thereof. All the percentages are calculated as dry solids and are based on 
the stock as a whole. 

When preparing the stocks to be formed on a laboratory hand sheet former the silicic acid sol was 
used as a 1 .5% solution and the cationic starch as a 1% solution. In preparing the stocks for samples A 
and C the mineral filler (solely chalk and solely expanded perlite, respectively) was initially slurried in 
the silicic acid sol solution. In preparing the stock for sample B the mineral fillers (15% chalk and 10% 
expanded perlite) was initially mixed and then slurried in the silicic acid sol solution. In all three cases 
the mineral-sol-slurry was added to the premixed mineral fiber-sulfate pulp in 500 ml water in a 
laboratory disintegrator. After 30 s mixing time in the disintegrator the different sheets were formed on 
the hand sheet former and pressed at a pressure of 5 kg/cm^. The properties of the dried papers will 
appear from the table of this example. 



15 



20 



25 



30 



Sample 


A 


B 




Cellulosic fiber % wt. 


50 


50 


50 


Mineral fiber % wt. 


20 


20 


20 


Chalk %wt. 


25 


15 


0 


Expanded perlite % wt. 


0 


10 


25 


Binder 








silicic acid sol % wt. 


1.43 


1.43 


1.43 


cationic starch % wt. 


3.57 


3.57 


3.57 


Grammage g/m^ 


315 


325 


320 


Thickness mm 


0.62 


0.72 


0.77 


Density kg/m^ 


510 


450 


415 


Tensile index Nm/g 


12,6 


12.9 


11.7 


Elongation % 


6 


6 


6 


Stiffness N 


0.275 


0.328 


0.284 


Ash content % 


45.1 


46.8 


45.1 


Retention, based on ash content % 


97.0 


100 


97.0 




with chalk as the sole mineral extender or filler. It is to be noted that the retention calculated ori the ash 
content was almost 100% in all samples, which is high considering that the retention of the expanded 
40 perlite filler is low when the binder complex of the present invention is not used. 

Example XIII 

This Example concerns the clarification of white water from a twin wire papermaking machine 
making wood-free coated paper. White water samples were taken from the normal production run of 

45 the papermaking machine and were analyzed for solids content and kinds of solids. The solids content 
was 7 grams/liter, and about 60% by weight of the solids consisted of china clay and chalk. 

To the samples of white water different amounts of cationic starch and silicic acid sol were added. 
The cationic starch having a degree of substitution of 0.033 was used as a solution containing 4% by 
weight of the starch. The colloidal silicic acid sol had a particle size of about 6 nm, a specific surface 

so area of about 500 mVg and a silicic acid concentration of 1 5% by weight. 

In each test in the Table below, 500 ml of the white water were poured in a beaker and the 
indicated additions of silicic acid sol and cationic starch were made. The contents of the beaker were 
vigorously agitated and the agitation then stopped. After the time lapse Indicated, 20 ml turbidity test 
samples were taken by means of a pipette 5 mm below the surface of the contents in each beaker. The 

55 turbidity testing was performed according to Swedish Standard SIS in a turbidity tester (Hach model 
2100A) giving the result in Formazin Turbidity Units (FTU). The lower the units, the better was the 
clarification obtained. 

The additions to the white water samples and the test result appear from the Table below. 
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White 4% Starch 15% Silicic Weight Addition*' 



Test 


water 
ml 


solution 

g 


acid sol 

Q 


ratio 
R 


(drv weiaht) 

% 


Turbidity FTU after 
15s 1 min 5 min 


1 


500 










« 


900 


2 


500 


1.75 




ao 


2 


* 


550 


3 


500 


1.17 


0.15 


2 


2 


• 


580 270 


4 


500 


2.93 


0.39 


2 


5 


• 


100 91 


5 


500 


5.85 


0.78 


2 


10 


23 


18 17 



10 

•=not measurable, more than 1000 FTU 

••=the addition is calculated, on the one hand, on the dry weight of added cationic starch and added 
silicic acid sol and, on the other hand, on the 3.5 grams of solids appearing in the 500 ml sample of 
white water. 

15 R=weight ratio of cationic starch to silicic acid sol. 

The results presented in the Table of this Example demonstrate that the addition of the binder 
according to the present invention to white water results in a higher settling rate of the solids in the 
white water and thus in a decrease of turbidity. The results also show that an almost clear white water 
20 was obtained in test 5 which is a substantial improvement over the untreated white water in test 1 . 

Example XIV 

This Example concerns the clarification of white water from a combined board and printing paper 
mill. White water samples were taken from the mixed white waters from the mill and were analyzed for 
25 solids content and types of solids. The solids content was 1.1 g/l and about 25% of the solids was 
pigment (mainly china clay). A number of tests were made to determine the settling rates and the 
turbidity of the white water when treated with PERCOL® 1697 (a typical example of agents for white 
water treatment) and with a binder according to the present invention comprising a silicic acid sol and a 
cationic starch. 

30 The settling rates were determined by using a graded conical funnel having a diameter of 1 1 0 mm 

at the wide top end and a height of 400 mm and being graded. To 1 200 ml samples of the white water 
there were added a silicic acid sol and a cationic starch under vigorous agitation. The samples wer 
then poured into the graded funnel and left standing while the Interface between an almost clear upper 
phase and a lower turbid phase gradually sank. The time for this interface to pass every 50 or 100 ml 

35 mark on the funnel was noted, and the settling rates calculated were plotted in Figure 7. 

The almost clear upper phase was nearly free from flocks but was opalescent due to various 
amounts of fines and pigment particles. For this reason, the turbidity was measured, using a sample 
taken from the top of the funnel well above the interface 1 5 minutes after pouring the sample into the 
funnel. Samples from the funnel were also taken for determining the solids content of the white water 

4o after this settling time. 

The turbidity was measured according to Swedish Standard SIS in a turbidity tester (Hach model 
2100 A) giving the result in Formazin Turbidity Units (FTU). The lower the FTU figures, the better is the 
clarification. The test results are tabulated below together with the solids content of the clear phase 
and the settling rates. The settling rates given in the table were calculated from the straight lines 

^5 between the levels 200 ml and 600 ml in Figure 7. 

A reference test using no additive was made and the settling time determined and plotted 
(Sample A) shown in Figure 7. 

A comparative test series was made using PERCOL® 1697 as an additive (0.5% solution). To 
1200 ml white water additions of 2 ml, 1 ml, 0.8 ml, 0.6 ml and 0.4 ml, respectively, of the 0.5% 

so solution of PERCOL® 1697 were added, and then the settling times were determined. With this 
additive the 0.6 ml addition gave the best result (Sample B shown in Figure 7). 

Then tests using the binder according to the present invention were performed. The additions of 
silicic acid sol and cationic starch were varied in this test series and so was the weight ratio (R) 
between the starch and the silicic acid sol. Two of the best results were obtained with the addition of 

S5 3.7 g of a 2% solution of cationic starch with a degree of substitution of 0.047 and 3.3 g of a 1.5% 
solution of silicic acid sol (sample C) and with the addition of 2.5 g of a 2% solution of cationic starch 
with a degree of substitution of 0.047 and 1.65 g silicic acid sol (sample D). The weight ratio (R) of 
starchrSiOj was 1.5:1 for sample C and 2.0:1 for sample D, and in both cases the silicic acid sol used 
was an alkali stabilized silicic acid sol having a specific surface area of about 500 mVg and the original 

60 concentration of 15%, although diluted to 1.5% concentration before use. 
The results for samples A — D appear from the following table: 
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Turbidity after Solids content Settling rate Degree of 



Sample 1 5 min FTU mg/l ml/min clarification* 



A 80 580 340 52 

5 0 38 320 400 73 

C 23 280 — 77 

D 20 270 690 78 



* solids content in the "clear phase" divided by the initial concentration 1100 ml/g. 

w 

As will appear from the table, the best results are obtained when using the invention, i.e. samples 
C and D, especially the latter. 

As will be seen from the foregoing, the use of a colloidal silicic acid-cationic starch binder 
complex, especially a complex in which the colloidal silicic acid component is added incrementally, a 
15 portion being added after the initial agglomerate is formed, makes possible substantial economics in 
the papermaking process as well as a unique paper product. By using the binder system in connection 
with pulp stocks alone, the strength characteristics can be improved to the point that mechanical pulps 
can be substituted in substantial proportions for chemical pulps, while still maintaining the strength and 
other properties desired. On the other hand, if specific strength characteristics are required, the 
20 grammage of the sheet may be reduced while maintaining the desired properties. 

Similarly, a mineral filler may be employed in much larger proportions than heretofore used while 
maintaining or even improving the characteristics and properties o1 the sheet. Or in the alternative the 
properties of a sheet containing filler may be enhanced. 

In addition, the use of the binder system results in increased retention of both minerals and fines 
25 so that white water problems are minimized. As indicated, the system disclosed herein can also be used 
to advantage to agglomerate solids in white water to facilitate its disposal or reuse. 

Further, because of the ability to reduce the grammage of a sheet or to increase the mineral 
content, it is possible to reduce the energy required to dry the paper and to pulp the wood fibers since 
less fibers can be employed. Also, the increased rate of drainage and the higher retention on the wire 
30 make possible higher machine speeds. 

In addition, the binder complex makes it possible to reduce the solids content of the white water 
and thus to reduce the environmental problems also in papermills not using the binder comjslex of this 
invention as an additive to the stock per se. The binder system thus improves the recovery of solids in 
the white water and improves the economy of the entire papermaking process. 




1 . A papermaking process in which an aqueous papermaking stock containing a cellulosic pulp 
and cationic starch, is formed and dried, characterised by adjusting the amount of cellulosic pulp In the 

40 stock to give a finished paper containing at least 50% by weight of cellulosic fibers, and incorporating 
into the stock prior to the formation of the sheet a binder comprising colloidal silicic acid, and cationic 
starch having a degree of substitution of not less than 0.01 , the weight ratio of cationic starch to SiOz 
in the colloidal silicic acid being between 1:1 and 25:1. 

2. The process of claim 1, characterised in that the degree of substitution of the cationic starch is 
45 0.01 to 0.05. 

3. The process of claim 2, characterised in that the degree of substitution of the cationic starch is 
0.02 to 0.04. 

4. The process of claim 1 , 2 or 3, characterised in that the weight ratio of cationic starch to SiOg in 
the colloidal silicic acid is between 1.5:1 and 10:1. 

so 5. The process of claim 4, characterised in that the weight ratio of cationic starch to SiOj in the 

colloidal silicic acid is between 1.5:1 and 4.5:1. 

6. The process of any of the preceding claims, characterised in that the colloidal silicic acid is a 
colloidal silicic acid sol having silica particles with a surface area of 50 to 1000 mVg. 

7. The process of claim 6, characterised in that the colloidal silicic acid sol has silica particles with 
55 a surface area of 200 to 1000 m7g. 

8. The process of claim 7, characterised in that the colloidal silicic acid sol has silica particles with 
a surface area of 300 to 700 mVg. 

9. The process of any of the preceding claims, characterised in that the pH of the stock is 
maintained between 4 and 9. 

60 10. The process of any of the preceding claims, characterised in that the solids in the binder 

amount to 0.1 — 15% by weight based upon the weight of the cellulosic fiber. 

1 1 . The process of claim 1 0, characterised in that the solids in the binder amount to 1 .0 — 1 5% by 
weight based upon the weight of the cellulosic fiber. 

12. The process of any of claims 1 — 9, characterised in that the aqueous papermaking stock 
65 contains a cellulosic pulp and a mineral filler material. 
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13. The process of claim 12, characterised in that the solids in the binder announts to 0.5 — 25% 
by weight based upon the weight of the mineral filler. 

14. The process of claim 1 3, characterised in that the solids in the binder amount to 2.5 — 1 5% by 
weight based upon the weight of the mineral filler. 

5 15. The process of claim 12, 13 or 14, characterised in that the colloidal silicic acid is added to 

and admixed with the mineral filler prior to incorporating the mineral filler into the stock and the 
cationic starch is mixed with the pulp and filler-colloidal silicic acid mixture. 

1 6. The process of any one of claims 1 — 14, characterised in intermixing in the stock a portion of 
the colloidal silicic acid, thereafter intermixing the cationic starch in the stock containing the initial 

10 portion of colloidal silicic acid, and, after an agglomerate has formed, adding and the intermixing the 
remainder of the colloidal silicic acid in the stock prior to the formation of the sheet. 

1 7. The process of claim 1 6, wherein between 20 and 90% of the colloidal silicic acid is added to 
the stock to form an agglomerate and the remaining portion of the colloidal silicic acid is added after 
the formation of the agglomerate. 

IS 1 8. The process of claim 1 7, wherein between 30 and 80% of the colloidal silicic acid is added to 

the stock to form an agglomerate and the remaining portion of the colloidal silicic acid is added after 
the formation of the agglomerate. 

19. A paper product containing celluiosic fibers in a content of at least 50% by weight of the 
paper product produced by the process of any of the preceding claims. 

20 20. A papermaking process in which an aqueous papermaking stock containing celluiosic pulp is 

formed and dried, characterised in that the white water from the papermaking process is treated with a 
binder comprising colloidal silicic acid, and cationic starch having a degree of substitution of not less 
than 0.01, the weight ratio of cationic starch to SiOg in the colloidal silicic acid being between 1 :1 and 
25:1 and the amount of said binder added to the white water for treating same being from 1 to 20% by 

25 weight, based upon the combined dry weight of solids in the white water and the dry weight of said 
binder. 

21. The papermaking process of claim 20, wherein the cationic starch has a degree of 
substitution of 0.01 to 0.05. 

22. The papermaking process of claim 21, wherein the cationic starch has a degree of 
30 substitution of 0.02 to 0.04. 

23. The process of claim 20, 21 or 22, wherein the weight ratio of cationic starch to S'lOz in the 
colloidal silicic acid is between 1.5:1 and 10:1. 

24. The process of claim 23, wherein the weight ratio of cationic starch to Si02 in the colloidal 
silicic acid is between 1.5:1 and 4.5:1. 

3S 25. The process of any one of claims 20 — 24, wherein the amount of said binder added to the 

white water is from 2 to 10% by weight based upon the combined dry weight of solids in the white 
water and the dry weight of said binder. 



^ Patentanspriiche 

1. Verfahren zur Herstellung von Papier, bei dem ein Faserstoff und kationische Starke 
enthaltender, wassriger Papierstoff geformt und getrocknet wird, dadurch gekennzeichnet, dass die 
Menge Faserstoff im Papierstoff eingeregelt wird, um ein zumindest 50 Gew.-% Zellstoffasern 

45 enthaltendes, fertiges Papier zu ergeben, und dass dem Papierstoff vor der Blattformation ein 
Bindemittel beigemischt wird, welches kolloidale Kieselsaure und kationische Starke mit einem 
Substitutionsgrad von nicht weniger als 0,01 umfasst, wobei das Gewichtsverhaltnis der kationischen 
Starke zu SiOj in der kolloidalen Kieselsaure zwischen 1:1 und 25:1 liegt. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Substitutionsgrad der 
so kationischen Starke 0,01 — 0,05 betragt. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass der Substitutionsgrad der 
kationischen Starke 0,02 — 0,04 betragt. 

4. Verfahren nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, dass das Gewichtsverhaltnis 
der kationischen Starke zu SiOj in der kolloidalen Kieselsaure zwischen 1,5:1 und 10:1 liegt. 

ss 5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, dass das Gewichtsverhaltnis der 

kationischen Starke zu SiOj in der kolloidalen Kieselsaure zwischen 1,5:1 und 4,5:1 liegt. 

6. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, dass die 
kolloidale Kieselsaure ein kolloidales Kieselsauresol mit Kieselsaureteilchen einer spezifischen f lache 
von 50 — 1000 mVg ist. 

60 7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, dass das kolloidale Kieselsauresol 

Kieselsaureteilchen einer spezifischen Flache von 200 — 1000 mVg hat. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, dass das kolloidale Kieselsauresol 
Kieselsaureteilchen einer spezifischen Flache von 300 — 700 mVg hat. 

9. Verfahren nach einem der vorhergehenden Anspruche. dadurch gekennzeichnet, dass das pH 
65 des Papierstoffs zwischen 4 und 9 gehalten wird. 
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10. Verfahren nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet. dass die 
Feststoffe des Bindemittels 0,1 — 15 Gew.-% betragen, berechnet auf das Gewicht der Zellstoffasern. 

1 1. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass die Feststoffe des Bindennittels 
1,0 — 15 Gew.-% betragen, berechnet auf das Gewicht der Zellstoffasern. 

5 12. Verfahren nach eInem der Anspruche 1 — 9, dadurch gekennzeichnet, dass der wassrige 

Papierstoff einen Faserstoff und einen Mineralfullstoff enthalt. 

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass die Feststoffe des Bindemittels 
0,5 — 25 Gew.-% betragen, berechnet auf das Gewicht des Mineraifullstoffs. 

1 4. Verfahren nach Anspruch 1 3, dadurch gekennzeichnet, dass die Feststoffe inn Bindennittel 
10 2,5 — 15 Gew.-% betragen, berechnet auf das Gewicht des IVIineralfullstoffs. 

15. Verfahren nach Anspruch 12, 13 oder 14, dadurch gekennzeichnet, dass die kolloidale 
Kieselsaure dem Mineralfullstoff zugesetzt und damit vermischt wird, bevor der Mineralfullstoff 
zugegeben wird, und dass die kationische Starke mit dem Gemisch aus Papierstoff, Fullstoff und 
kolloidaler Kieselsaure vermischt wird. 

ts 16. Verfahren nach einem der Anspruche 1 — 14, dadurch gekennzeichnet, dass mit dem 

Papierstoff ein Teil der kolloidalen Kieselsaure vermischt wird, wonach die kationische Starke mit dem 
den ersten Anteil kolloidaler Kieselsaure enthaltenden Papierstoff beigemischt wird, und dass nach 
Bildung eines Agglomerats der Rest der kolloidalen Kieselsaure dem Papierstoff vor der Blattformation 
zugegeben und damit vermischt wird. 

20 1 7. Verfahren nach Anspruch 1 6, bei welchem zwischen 20 und 90% der kolloidalen Kieselsaure 

dem Papierstoff zur Bildung eines Agglomerats zugegeben werden, wahrend der restliche Teil der 
kolloidalen Kieselsaure nach Bildung des Agglomerats zugegeben wird. 

1 8. Verfahren nach Anspruch 1 7, bei welchem zwischen 30 und 80% der kolloidalen Kieselsaure 
dem Papierstoff zur Bildung eines Agglomerats zugegeben werden, wahrend der restliche Teil der 

25 kolloidalen Kieselsaure nach Bildung des Agglomerats zugegeben wird. 

1 9. Papiererzeugnis, welches Zellstoffasern in einer Menge von zumindest 50 Gew.-% des 
gemass dem Verfahren nach einem der vorhergehenden Anspruche hergestellten Papiers enthalt 

20. Verfahren zur Herstellung von Papier, bei welchem ein Faserstoff enthaltender, wassriger 
Papierstoff geformt und getrocknet wird, dadurch gekennzeichnet, dass das vom Papierherstellungs- 

30 prozess herruhrende Ruckwasser mit einem Bindelmittel behandelt wird, dass kolloidale Kieselsaure 
und kationische StSrke mit einem Substitutionsgrad von nicht weniger als 0,01 umfasst, wobei das 
Gewichtsverhaltnis der kationischen Starke zu SiOj in der kolloidalen Kieselsaure zwischen 1:1 und 
25:1 liegt, und wobei das dem Ruckwasser zu dessen Behandlung zugegebene Bindemittel 1 — 20 
Gew.-% betragt, berechnet auf das zusammehgelegte Trockengewicht der Feststoffe im Ruckwasser 




22. Verfahren nach Anspruch 21, bei dem die kationische Starke einen Substitutionsgrad von 

0,02—0,04 hat. . . . u 

40 23. Verfahren nach Anspruch 20, 21 oder 22, bei dem das Gewichtsverhaltnis der kationischen 

Starke zu SiOj in der kolloidalen Kieselsaure zwischen 1,5:1 und 10:1 liegt. 

24. Verfahren nach Anspruch 23, bei dem das Gewichtsverhaltnis der kationischen Starke zur 
S'lOz in der kolloidalen Kieselsaure zwischen 1,5:1 und 4,5:1 liegt. 

25. Verfahren nach einem der Anspruche 20 — 24, bei dem das dem Ruckwasser zugesetzte 
45 Bindelmittel 2 — 10 Gew.-% betragt, berechnet auf das zusammengelegte Trockengewicht der 

Feststoffe im Ruckwasser und des Bindemittels. 



Revendications 

50 1. Un proc6d6 de fabrication du papier dans lequel une alimentation aqueuse pour la fabrication 

du papier contenant une p§te cellulosique et un amidon cationique est form6e et s6ch§e, caract6ris6 
par I'ajustement de la quantite de p§te cellulosique dans I'alimentation pour obtenir un papier fim 
contenant au moins 50% en polds de fibres cellulosiques et I'incorporation d I'alimentation, avant la 
formation de la feuille, d'un liant comprenant de I'acide silicique colloidal et un amidon cationique ayant 

S5 un degre de substitution qui n est pas inferieur d 0,01, le rapport ponderal de I'amidon cationique au 
SiO, dans I'acide silicique colloidal etant entre 1/1 et 25/1. 

2. Le proc§d6 de la revendication 1, caract6rise en ce que le degr6 de substitution de I amidon 

cationique est de 0,01 ^ 0,05, ^ . . ^ r 

3. Le precede de la revendication 2, caract6ris§ en ce que la degr6 de substitution de I amiaon 

^0 cationique est de 0,02 d 0,04. . ^ 

4. Le proc6d6 de la revendication 1 , 2 ou 3, caract6ris§ en ce que le rapport ponderal de I amidon 
cationique au SiO^ dans I'acide silicique colloidal est entre 1,5/1 et 10,1. 

5. Le proced6 de la revendication 4, caract§ris§ en ce que le rapport pond§ral de I'amidon 
cationique au SiOz dans I'acide silicique colloidal est entre 1,5/l et 4,5/1. 

65 6. Le proc6de de I'une qu Iconque des revendications prec6dentes, caract6ris6 en ce que I'acide 
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sillcique coiloTdal est un sol d'aclde silicique colloidal ayant des particules de slllce dont la surface 
sp^cifique est de 50 d 1000 mVg. 

7. Le proc6d6 de la revendlcation 6, caract6ris6 en ce que le sol d'acide silicique colloidal a des 
particules de silice dont la surface sp6cifique est de 200 d 1000 mVg. 

8. L proc6d6 de la revendication 7, caract§ris6 en ce que ie sol d'acide silicique colloidal a des 
particules de silice dont la surface sp^ctfique est de 300 d 700 mVg. 

9. Le proc6d§ de I'une quelconque des revendications pr6c6dentes, caract§ris6 en ce que le pH de 
I alimentation est maintenu entre 4 et 9. 

10. Le proc6d6 de I'une quelconque des revendications pr6c6dentes, caract6ris6 en ce que les 
sohdes dans le liant constituent 0,1 d 15% en poids par rapport au poids des fibres cellulosiques. 

1 1 . Le proc6d6 de la revendication 1 0, caract^ris^ en ce que les solides dans le liant constituent 
1,0 ^ 15% en poids par rapport au poids des fibres cellulosiques. 

12. Le proc6d6 de I'une quelconque des revendications 1^9, caract6ris6 en ce que I'alimentation 
aqueuse pour la fabrication du papier contient une pSte cellulosique et une matidre de charge min6rale. 

13. Le proc§d6 de la revendication 1 2, caract§rise en ce que les solides dans le liant constituent 
0,5 d 25% en poids par rapport au poids de la charge min^rale. 

14. Le proc6d6 de la revendication 1 3, caract6ris6 en ce que les solides dans le liant constituent 2 
^ 1 5% en poids par rapport au poids de la charge min6rale. 

15. Le proc6d6 de la revendication 12, 13 ou 14, caract6ris6 en ce que I'acide silicique colloidal 
est ajout6 d la charge min6rale et m§lang6 avec elle, avant I'incorporation de la charge min^rale dans 
l alimentation, et l amidon cationique est melang6 avec la pSte et le melange de charge et d'acide 
silicique colloidal. 

16. Le proc6d§ de I'une quelconque des revendications 1^14, caracteris§ par le melange dans 
rahmentation d une portion de I'acide silicique colloidal puis le m6lange de I'amidon cationique dans 
rahmentation contenant la portion initiale d'acide silicique colloYdal et, aprds formation d'un 
agglom6rat, I'addition et le melange du reste de I'acide silicique colloidal dans I'alimentation avant la 
formation de la feuille. 

17. Le proc6de de la revendication 1 6 dans lequel entre 20 et 90% de I'acide silicique colloidal 
sont ajout6s d I'alimentation pour former un agglom^rat et la portion restante de I'acide silicique 
colloYdal est ajout6e apr6s la formation de I'agglom^rat. 

18. Le proc6d§ de la revendication 1 7 dans lequel entre 30 et 80% de I'acide silicique colloidal 
sont ajout^s d I'alimentation pour former un agglomerat et la portion restante de I'acide silicique 
colloidal est ajout6e apr^s la formation de I'agglomerat. 

19. Un produit papetier contenant des fibres cellulosiques d une teneur d'au moins 50% en poids 
du produit en papier obtenu selon le proc6d6 de I'une quelconque des revendications pr6c§dentes. 

20. Un proc6d6 de fabrication du papier dans lequel on forme et seche une alimentation aqueuse 
pour la fabrication du papier contenant de la p§te cellulosique, caract6ris6 en ce que I'eau blanche du 
proc6d6 de fabrication du papier est trait6e avec un liant comprenant de I'acide silicique colloidal et de 
I'amidon cationique ayant un degr6 de substitution qui n est pas infdrieur ^ 0,01 , le rapport ponderal de 
I'amidon cationique au SiOa dans I'acide silicique colloidal 6tant entre 1/1 et 25/1 et la quantity dudit 
liant ajout6e d I'eau blanche pour la traiter §tant de 1 d 20% en poids, par rapport d la combinaison du 
poids sec des solides dans I'eau blanche et du poids sec dudit liant. 

21. Le proc^d^ de fabrication du papier de la revendication 20, dans lequel I'amidon cationique a 
un degr^ de substitution de 0,01 d 0,05. 

22. Le proc^di de fabrication du papier de la revendication 21 , dans lequel I'amidon cationique a 
un degr^ de substitution de 0,02 d 0,04. 

23. Le proc6d6 de la revendication 20, 21 ou 22, dans lequel le rapport pond6ral de I'amidon 
cationique au SiOj dans I'acide silicique colloidal est entre 1,5/1 et 10/1. 

24. Le proc6d6 de la revendication 23, dans lequel le rapport pond6ral de I'amidon cationique au 
SiOj dans I'acide silicique colloidal est entre 1,5/1 et 4,5/1. 

25. Le proc6d6 de I'une quelconque des revendications 20 d 24 dans lequel la quantit§ dudit liant 
ajout§e d I'eau blanche est de 2 d 10% en poids par rapport d la combinaison du poids sec des solides 
de I'eau blanche et du poids sec dudit liant. 
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